There is an increasing interest in the socio-affective atypicalities observed in adults with autism spectrum disorder (ASD). The aim of this study was to further explore emotional responsiveness in adults with ASD using well-validated self-reports of alexithymia and extend these with consideration of anhedonia, and to determine whether these features are part of a broader autism phenotype. Thirty-eight adults with ASD, 87 parents of ASD individuals and 47 typical controls completed the Autism Spectrum Quotient, the 20-item Toronto Alexithymia Scale and the Bermond-Vorst Alexithymia Questionnaire, as well as the Chapman Physical and Social Anhedonia Scales. The ASD group differed from controls and parents on most measures, with the exception of physical and social anhedonia, relative to parents. Parents differed from controls on social anhedonia, and a higher proportion of parents were classed as alexithymic, relative to controls. Cluster analysis revealed that some parents share more similarities with ASD participants than with controls. The results suggest that socio-affective impairments are characteristic of ASD, and feature as part of the broader autism phenotype.
INTRODUCTION
Between the triad of symptoms characteristic of autism spectrum disorders (ASD), socio-affective impairments are the only deficits specific to ASD, and are thus likely 'to be the most informative with respect to modelling the pathophysiology of the disorder' (see Schultz, 2005, p. 125) . Psychometric studies have highlighted that those with ASD not only have difficulties in interpersonal skills such as few friendships, little emotional connectedness, empathy and social enjoyment (e.g., Baron-Cohen et al., 2001 , Baron-Cohen and Wheelwright, 2003 Rogers et al., 2007; Chevallier et al., 2012a; Calder et al., 2012) , but also have difficulties in processing their own emotions including poor emotional introspection, clarity, expression and regulation (e.g., Hill et al., 2004; Berthoz and Hill, 2005; Konstantareas and Stewart, 2006; Szatmari et al., 2008; Petrides et al., 2011; Rieffe et al., 2011; Samson et al., 2012) . Hedonic abnormalities from sensitive arousal have also been noted (e.g., Baranek et al., 2006; Baron-Cohen et al., 2009) . There is increasing interest in determining whether these emotional and hedonic features should be considered core factors underlying the social and communication deficits of ASD with findings from quantitative, behavioural studies being supplemented in recent years by findings of neuroimaging research. This can be exemplified with alexithymia, as there is now a converging line of evidence that it may account to a great extent for the behavioural and cerebral responses to social and emotional stimuli in those with ASD. For instance, Kätsyri et al. (2008) assessed the processing of emotional facial expressions (EFEs) in adults with Asperger syndrome and healthy controls by varying the perceptual quality of EFEs. Compared to controls, the group with Asperger syndrome had higher alexithymia scores and was less accurate in labelling strongly degraded EFEs. However, this latter group effect was no longer significant when alexithymia scores were entered as a covariate. More recently, Bird et al. (2011) investigated the potential impact of alexithymia on joint attention deficits in ASD adults. Whereas the ASD pattern of attention allocation was not related to the severity of their autistic symptoms (ADOS scores), alexithymia scores were found to be negatively correlated with the number of fixations to the eye region (relative to the mouth region) (see also Lombardo et al., 2007) . At the cerebral level, this issue is well illustrated in a study which investigated the neural correlates of empathy for pain in adults with ASD and healthy controls: Bird et al. (2010) not only showed that, in both groups, the higher the level of alexithymia the lower the empathy-related activity in the insula when the partner received pain, but also that there were no group differences in brain activity when alexithymia scores were entered as a covariate (see also Silani et al. 2008) . Thus, extending our knowledge of socio-affective abnormalities such as alexithymia, as well as anhedonia (i.e., the inability to experience pleasure) in ASD could not only explain previously inconsistent results in our understanding of ASD (Bird et al., 2011 ; see also Bernhardt and Singer 2012) , but also help to tailor therapeutic interventions for this group.
Moreover, in ASD as for other psychiatric disorders that are phenotypically complex and highly heritable, there is a growing consensus that research into the aetiology of the condition could benefit from the investigation of heritable markers (or endophenotypes, see Gottesman and Gould, 2003) , that is traits that are also present in unaffected biological relatives of ASD but exhibited to a lesser degree (Adolphs et al., 2008; Geschwind, 2009; Sucksmith et al., 2011) . In this domain of research, the so-called Broader Autism Phenotype (BAP), mild social and communication impairments have been suggested to be likely 'the most familial of autism-related traits' (Gerdts and Bernier, 2011, p.14) . Milder phenotypes in socio-affective and personality traits have been reported in biological relatives of individuals with ASD, with consistent results from self-reports, clinical interviews and cognitive evaluations (see Gerdts and Bernier, 2011 , for a recent review). Yet, to our knowledge, only one study has examined whether alexithymia is part of the traits that tend to aggregate in ASD relatives (Szatmari et al., 2008) , and no study has explored whether this is also the case for anhedonia.
The aim of this study was to further explore traits related to emotional responsiveness (alexithymia and anhedonia) in adults with ASD relative to a group of typical adults and to determine whether they constitute key components of the broader autism phenotype by exploring these traits in first-degree relatives of individuals with ASD. In this way the study will both develop, and extend, our understanding of socio-affective impairments in ASD.
METHODS
2.1 Participants A total of 172 people participated in the study: 38 high-functioning adults with ASD (mean age = 35.5 years, SD = 13.3; 63% male), 87 parents of individuals with ASD (mean age = 43.6 years, SD = 7.3; 28% male) and 47 typical adult controls (mean age = 33.7 years, SD = 11.7; 62% male). The adults with ASD had all received a formal diagnosis (by expert clinicians) of either Asperger syndrome (n=32) or autism (n=6) according to DSM-IV-TR criteria (American Psychiatric Association, 2000) . In line with a range of studies with adults (e.g., Crane et al., 2012; Heaton et al., 2012) , Autism Spectrum Quotient scores (AQ; Baron-Cohen et al., 2001 ) were used as a further support of their clinical diagnoses and provide a measure of autistic traits for the three groups (NB. The AQ is not a diagnostic tool, see below, and there are ambiguities in its psychometric properties. However it is used here to allow comparison of autistic traits with variables of interest, and has been shown to be associated with, and a predictor of, various characteristics in the typical population, see for example, Freeth, et al., 2012; Poljac et al., 2012) . 13% of the ASD sample reported an additional diagnosis, specifically: one participant reported an additional diagnosis of ADHD, one of dyslexia, two of developmental coordination disorder (DCD, sometimes referred to as 'dyspraxia') and one of ADD and DCD. Nineteen (50%) of the adults with ASD had participated in a previous study investigating cognitive processing of emotions in people with ASD (Hill et al., 2004) . The other 19 completed questionnaires were received from participants who had been recruited via various specialized support groups and community centres in the UK. Parents of people with ASD were recruited either via those included in the adult ASD group or were the parents of children/adults involved in other projects that were running in our laboratory. Of these, 18 (20.68%) had participated in the previous study on this topic (Hill et al., 2004) . The typical adult control group was recruited predominantly from the subject pool at the Institute of Cognitive Neuroscience (UK) and from local community centers. No participant in either the parent or control groups reported having received a diagnosis of ASD.
General procedure
Questionnaires were given or sent out to participants with full instructions and stamped addressed envelopes for their return (including information relating to informed consent). Participants were encouraged to contact one of the authors (EH) if they had questions concerning completion of the questionnaires, which none of them did.
Data analyses
Statistical analyses were performed using R 2.11.1. We considered a Type I error rate of 5% and provided 95% confidence intervals (relying on asymptotic distribution or bootstrap with adjusted percentiles). Comparisons of means were achieved by way of ANOVA, followed by post-hoc pairwise comparisons. Two-way contingency tables were analysed with chi-square tests. Latent profile analysis was carried out using parametric mixture modelling, as implemented in the R MCLUST package Raftery, 2002, 2006 (Wheelwright et al., 2010) . People with the NAP have a large number of traits associated with the autism spectrum and most, but not all, will have a diagnosis of ASD. Individuals with the MAP or BAP are unlikely to require clinical intervention, but these phenotypes are commonly observed in parents of individuals with ASD (Wheelwright et al., 2010) . -Levels of depressed mood were assessed using the 21-item Beck Depression Inventory (BDI) (Beck et al., 1961) in which individuals respond to statements on the basis of how they have felt over the past week. The BDI provides an indication of the presence of a depressive episode at the time of the study. Scores were totalled (range = 0-63) and considered as a continuous variable, as well as being categorised using established cut-off scores to assign participants to a group of those considered to exhibit non-depressed functioning (0-10), dysphoria (11) (12) (13) (14) , dysphoria/depression (15) (16) (17) (18) (19) or clinical depression (20-63) (Beck et al., 1988) . Missing values (n=14, with the number of missing responses less than 25% of total number of items on the BDI) were imputed using individual mean scores. The internal consistency of the full scale was satisfactory (Cronbach's α=0.878, with 95% bootstraped CIs [0.841; 0.906] ).
-Levels of anxiety were assessed using the State-Trait Anxiety Inventory Form Y (STAI-Y) (Spielberger, 1983) (Bagby et al., 1994a,b) investigates three dimensions: difficulty identifying feelings (DIF), difficulty describing feelings (DDF) and externally oriented thinking (EOT). The items are rated by the respondent on a five-point Likert scale. Responses were totalled (range = 20-100) and considered as a continuous variable, as well as being categorised using previously established cut-off scores (Bagby et al., 1994a) to assign participants to one of three groups: not alexithymic (20-51), intermediates (52-60) or alexithymic (61-100). The internal consistency of the full scale was satisfactory (TAS-20 total α=0.889, [0.862;0.910]); DIF α=0.883, average inter-items correlation r=0.519; DDF α=0. 842, r=0.515; and EOT α=0.660, r=0.196 ).
-The Bermond Vorst Alexithymia Questionnaire-B (BVAQ-B) (Vorst and Bermond, 2001) includes 20 item investigating five dimensions of alexithymia: verbalising emotional experiences (B1, equivalent to DDF), fantasising (i.e., daydreaming and fantasies, B2), identifying emotions (B3, equivalent to DIF), emotionalising (i.e., the proneness to be aroused by emotion inducing events, B4) and analysing one's own emotional states and reactions (B5, equivalent to EOT). The items are rated on a five-point Likert scale. Responses were totalled (range = 20-100) and considered as a continuous variable. Missing values (n=2) were imputed using the BVAQ-B neutral response category (i.e., I neither agree, nor disagree). The internal consistency of the full scale was in the acceptable range (α=0.755, [0.703;0.806]) , and varied between 0.527 (B5, r=0.219) and 0.688 (B1, r=0.355) when considering individual subscales. We followed the methodology reported by Vorst and Bermond (2001) -The Physical Anhedonia Scale (PAS) (Chapman et al., 1976 ) is a 61 item (true or false) questionnaire assessing the degree to which individuals are rewarded by physical sensations such as touch, feeling, movement, eating, smell and sound. It measures a lifelong, rather than a transient, difficulty in the ability to experience pleasure. Scores were totaled (range = 0-61) and considered as a continuous variable as well as being categorised using established cut-off scores to assign participants to a group of those considered to exhibit physical anhedonia (≥ 18) or not (≤ 17) (Assouly-Besse et al., 1995) . The internal consistency of the PAS was satisfactory (α=0.937, [0.923;0.950]). -The Revised Social Anhedonia Scale (SAS) (Eckblad et al., 1982 ) is a 40 item questionnaire measuring social withdrawal, a lack of interest in social relationships and/or lack of pleasure derived from interpersonal relationships. It was designed to tap a personality trait. The test is set out in the same way as the PAS, as is the scoring. Scores were totaled (range = 0-40) and considered as a continuous variable as well as being categorised using established cut-off scores to assign participants to a group of those considered to exhibit social anhedonia (≥ 12) or not (≤ 11) (Assouly-Besse et al., 1995) . The internal consistency of the SAS was satisfactory (α=0.935, [0.920;0.947]).
RESULTS
The gender distribution differed significantly between the three groups [χ2(2)=21.04, P<0.001], with a larger proportion of males in the ASD group and a larger proportion of females in the Parent group. This difference is unsurprising (e.g., Baird et al., 2006) . There was also a significant difference in the age of the groups [F(2, 169)=17.65, P<0.001, η p 2 = .17]. Pairwise t-tests (with Holm's adjustment for multiple comparisons) confirmed that this was due to the Parent group being significantly older than both the ASD and Control groups, but these latter groups did not differ significantly from each other [P=0.431]. Table 1 displays the mean scores for each group on the questionnaires. In each case, we tested between-group differences using an F-test (with 2 and 167 degrees of freedom) comparing the extra-variance accounted for by questionnaire scores with a base model including age and gender only. When the overall statistic proved to be significant, we further tested whether there were significant differences between the Parent and ASD groups vs. Controls (post-hoc Tukey's tests, adjusted on the aforementioned covariates). All but one (BVAQ-B Affective) questionnaire yielded significant between-group differences, these differences being somewhat more marked between the ASD and Control groups, than between the ASD and Parent groups. It is worth noting that Controls and Parents did show significant differences on the PAS scale (with higher scores among the Parents), whereas this was not the case between the ASD and Parent groups. When controlling for current dysphoric affect scores (BDI and STAI-S), differences between the ASD and Control groups remained significant at the 5% level for all trait measures, and the difference between the Control and Parent groups for PAS scores also remained (Supplementary Table 1 For those test measures where cut-off scores were used, the percentage of each group falling into each category is shown in Table 2 . Interestingly, 21.8% of Parents (n=19) were categorised as 'atypical' according to AQ categories, whereas only 8.5% of Controls (n=4) were categorised as such [two-sample test for equality of proportions, χ2(1)=5.57, P=0.018].
[insert Table 2 Table 3 ) on the first dimension.
As illustrated in Figure 1 , the Parents were found to lie in between Controls and participants with ASD. The preceding results suggest that some Parents are more likely to be considered at risk of meeting cut-offs/criteria for a variety of socio-affective traits than Controls and that the distinction between those with ASD and the Parents may not be as clear as the distinction between those with ASD and the Control group.
To assess the extent to which those with ASD and the Parents may overlap on the instruments used throughout this study, we performed two iterations of a Latent Profile Analysis (LPA) with the aim of defining a mixture of class-specific densities. LPA (or 'model-based clustering') assumes that the population is composed of different unobserved groups, or latent classes, and that the joint density of all manifest variables is a mixture of this class-specific density (Lazarfield and Henry, 1968) . We used MCLUST to find the optimal model as defined by minimal BIC criterion when spanning the models' space (1 to 9 components or clusters, 10 kinds of constrained variance-covariance matrix). The following ten trait scores were considered: the five AQ subscores, STAI-T, TAS-20, BVAQ-B (BVAQ-B Total score in LPA version 1; BVAQ-B Cognitive score in LPA version 2), PAS and SAS. These trait scores were first residualised with respect to age, gender, BDI and STAI-S to remove conditional associations. For both versions of the LPA, the best fitting model included four clusters with diagonal but equally shaped variancecovariance matrices for the 10 trait scores. The cross-classification of cluster membership with group (Table 4 , section I) indicated that participants with ASD were distributed across two clusters, with one cluster being composed of 68% of them (together with 28% of Parents and 4% of Controls, cluster D), while the other cluster included 37% of participants with ASD, 44% of Parents and 19% of Controls (cluster C). Of note, using the BVAQ-B Cognitive subscale in place of BVAQ-B total score did not alter these results (Table 4 , section II); the same clusters were observed with the ASD participants (C and D), and only three participants were found to differ with respect to their cluster C or D membership, leaving only ASD and Parent participants in cluster D.
[insert Table 3 about here]
As evidenced in Figure 2 (top), which shows the distribution of AQ scores according to clinical and cluster membership, individuals from cluster C (which mixes up all three groups) were more likely to span the entire range of the scale, whereas individuals from cluster D (which was more geared towards a majority of ASD participants along with Parents) clearly overlapped with the observed AQ total scores distribution for ASD participants. This suggests that some parents share more similarities with ASD participants in this particular cluster.
As supported by the distribution of standardized scale scores in each cluster (Figure 2 , Bottom), a clear opposition appears to exist between cluster A (all mean scores below the overall mean, by about 0.5 SD) and cluster D (all mean scores above the overall mean, by about 1 SD), while standardized scores observed in cluster C on the alexithymia and anhedonia scales are largely below those observed in cluster D. This shows that the segregation between clusters C and D cannot be explained by differences in AQ scale scores only. However, in cluster B, only PAS and SAS scores are above the mean, suggesting that participants in this cluster have a stronger tendency to experience anhedonia than others.
[insert Table 4 and Figure 2 about here]
DISCUSSION:
The primary purpose of the current study was to use self-report questionnaires to explore a range of traits related to emotional responsiveness in adults with ASD, relative to a group of typical adults. Our secondary aim was to determine whether some of these traits might constitute endophenotypic markers of the condition (i.e., part of a broader autism phenotype). The total sample recruited was substantial and the ASD group was representative of the larger ASD population in terms of both sex ratio and AQ scores (e.g., Baron-Cohen et al., 2001; Baird, et al., 2006; Wheelwright et al., 2010) .
When comparing adults with and without ASD, clear group differences were found across the range of socio-affective impairments measured, with the ASD group endorsing increased numbers of each characteristic relative to their peers. In terms of depressive symptoms, around 63% of the current ASD sample endorsed enough symptoms to be considered dysphoric or to have clinically significant levels of depression, which is similar to previous reports in ASD adults (e.g., Hill et al., 2004 ). This proportion is higher than recent findings from younger ASD participants (e.g., Cederlund et al., 2010) , although the latter study applied different cut-offs to those typically used for the BDI and these required greater numbers of BDI items to be endorsed in order for the 'dysphoric' label to be applied. In our study, the key objective was not to study the comorbidity between ASD and clinical depression, but to estimate current dysphoric affects (as measured by the BDI and STAI-S), as these can bias responses on self-report measures of alexithymia and anhedonia. In the present study, accounting for current levels of dysphoric affects provided additional evidence of a combination of socio-affective trait atypicalities in ASD.
With respect to alexithymia, more than half of the ASD sample was categorized as alexithymic (i.e., TAS-20 scores). The type of alexithymia is of interest since different subtypes of alexithymia have been proposed (Bermond, 1997; Bermond et al., 2007) depending on the balance between the five core alexithymic dimensions that are modelled in the BVAQ. Initially, two subtypes were distinguished: 'alexithymia type I', characterised by severe reductions in both emotionalising and emotion-accompanying cognitions, and 'alexithymia type II', characterised by the unreduced (full-blown) presence of the emotional feeling (i.e., low BVAQ Affective scores) in combination with severe reductions in the cognitions normally accompanying the emotional feeling (i.e., high BVAQ Cognitive scores). Two additional subtypes were subsequently introduced (Bermond, et al., 2007) : 'alexithymia type III', characterised by low affective and high cognitive capacities, and 'lexithymic type' (i.e., the antonym of alexithymia), characterised by high affective and high cognitive capacities. The finding of low BVAQ-B Cognitive scores in the current research confirms the presence of Alexithymia Type II in ASD (Hill et al., 2004 ), but taking current affectivity into account also highlighted a group effect for the BVAQ-B Affective scores, suggesting that ASD might rather be characterized by Alexithymia Type I. To further explore this issue, and to use Bermond and colleagues' (2007) scoring procedure to determine alexithymia type, future studies should use the long (40 item) version of the BVAQ (see Berthoz et al., 2011 , for a detailed description). This is of critical importance, given that alexithymia has been found to underlie several social and emotional characteristics of ASD such as reduced eye fixation (Bird et al., 2011) and impaired recognition of facial emotions (Kätsyri et al., 2008) , rather than these being characteristics of ASD per se.
With respect to anhedonia, Rawlings and Locarnini (2008) reported a significant, positive correlation between total AQ score and the Introvertive Anhedonia (self-report) scale of the O-LIFE (Mason and Claridge, 2006) , suggesting an association between autistic traits and anhedonia in the general population. Of interest too, cerebral responses to sensory stimulation have been linked with social and communication symptoms of ASD (Cascio et al., 2012) or with the level of autistic traits (AQ scores) in neurotypical individuals (Voos et al., in press ). In the present study, anhedonia and autistic-traits scores were positively associated (more strongly with social anhedonia). Moreover, our findings provide the first exploration of hedonism using self-reports in adults with ASD, extending recent similar findings reported in adolescents with ASD (Chevallier et al., 2012a) , and confirming early clinical descriptions of a lack of hedonism in ASD (e.g., Kanner, 1943) . While Chevallier and colleagues (2012a) only identified a group difference with regards to social anhedonia in their adolescent sample, our adult sample with ASD reported significantly higher levels of both social and physical anhedonia in comparison to their peers. This could to be due to differences in the instruments used to measure anhedonia. However, the finding that both adolescents and adults with ASD were socially anhedonic is consistent with the social motivation hypothesis of this disorder, which suggests that individuals with ASD do not experience social stimuli as rewarding (e.g., Chevallier et al., 2012b; Khols et al., 2012) . With respect to the other measure of anhedonia, the high incidence (81.6%) of physical anhedonia in the ASD group appears to contradict reports of sensory hypersensitivity in ASD (e.g, Rogers & Ozonoff, 2005; Minshew & Hobson, 2008; Baron-Cohen et al., 2009 ). Yet, these findings could be reconciled considering that hypersensitivity in ASD often evokes particularly strong positive or negative feelings (e.g., Robledo et al., 2012; Cascio et al., 2012) whereas in the present study anhedonia was measured using only yes/no responses (as is standard in the PAS). Further studies using response modalities that vary from 'very unpleasant', through 'neutral' to 'very pleasant' could provide further information in this regard. In addition, there is an increasing number of studies in clinical conditions with marked anhedonia (depressive disorders and schizophrenia) which reported an association between the level of physical anhedonia and abnormal response of brain regions that have been critically involved in emotional and social stimuli processing (e.g., amygdala, OFC, ACC, ventromedial PFC) (e.g., Harvey et al., 2010; Dowd and Barch, 2012; Stuhrmann et al., 2012) . As recently discussed for alexithymia (Bird et al., 2011 ; see also Bernhardt and Singer 2012) , the question as to whether anhedonia is a core feature that could explain previous neuroimaging findings in ASD should be addressed in future studies. Moreover, hedonic experience and motivation are dissociable constructs subserved by different neurobiological systems (Berridge and Robinson, 2003) . As the Chapman anhedonia scales tend to contain items relevant to both constructs (their elaboration predate the determination of the neural circuitry of reward responsiveness), our study does not inform the question of whether those with ASD have only poor hedonic experience, or motivation, or both. This is a topic that has recently received increased attention in ASD (e.g., see Kohls et al., 2012) , and future studies using instruments that carefully distinguish between these deficits (such as the Clinical Assessment Interview for Negative Symptoms scale; Horan et al., 2011) are needed.
The secondary objective of this research was to explore whether alexithymia and anhedonia, and not only autism-related traits, as measured by the AQ, could be considered as endophenotypic markers of a broader autism phenotype. Regarding the traits assessed within this research, the boundaries between the ASD and Parent groups were less clear than those between the ASD and Control groups. Of the Parent group, 21.8% did not fall in the Typical AQ category whereas this was the case for 8.5% of the Control participants, none of whom belonged to the MAP or NAP categories. With respect to alexithymia, despite no group difference overall, a significantly greater percentage of Parents were classed as alexithymic (TAS-20 criteria) than Controls; a finding consistent with previous results confirming alexithymia as a feature of the broader autism phenotype (Szatmari et al., 2008) . Regarding the measures of both physical and social anhedonia, the Parents scored mid-way between the ASD and the Control groups, with no significant difference between the ASD and Parent groups. Further, using Latent Profile Analysis accounting for a wide range of socio-affective traits (and not just AQ scores), we were able to demonstrate that out of the four observed clusters, the two that were composed of ASD participants also encompassed a greater proportion of Parents than of Controls. Of interest, we observed a transition from cluster A or B (which were composed of Parents and Controls only) to cluster C (which mixed up the three groups) that somewhat matches the Typical AQ cut-off score, whereas the distinction between clusters C and D seems to be at the boundary between BAP/MAP and MAP/NAP.
Regarding the limitations of the present research, we did not confirm participants' diagnoses of ASD directly during the current study. This is a key difficulty for research into ASD across the lifespan given the paucity of adult appropriate diagnostic tools, practical issues surrounding complete paperwork or lack of a parent to confirm childhood diagnosis or symptomatology, as well as ethical issues of rediagnosing individuals. However, all participants had previously received a formal diagnosis from a clinical professional that was further supported on the basis of scores on the AQ in all but one case (this is higher consistency in terms of high AQ scores than reported in Baron-Cohen et al., 2001 ). This approach is used widely in studies of adults with ASD since although other quantitative estimations of ASD diagnoses are available (Lord et al., 1999) , these become less specific when used with adults (relative to children), as well as with individuals at the higher functioning end of the autism spectrum (Lord and Risi, 1998) . Future prospective or longitudinal studies may overcome this.
A further concern may be the lack of an IQ evaluation of participants. This was not possible in the context of the current study, however given that the sample included participants whose IQ performance matched those of a proportion of the control group who had participated in cognitivebehavioural studies for our research group in the past (e.g., Hill and Bird, 2006; Heaton et al., 2012) , that other participants were recruited from similar sources to that portion of the sample and that our findings are consistent with published studies that have reported IQ and TAS-20 scores (e.g., Bird et al., 2011) , we are confident that the ability levels of the participant groups were at least appropriate for the demands of the study. Moreover, our study provides a proof of concept for further more detailed investigations.
As with all questionnaire studies, issues relating to self-reports and response biases apply, which could have affected the observed pattern of results. Additional concerns over the accuracy of self-report in individuals with ASD should also be considered, as exemplified by previous (conflicting) reports of disagreement between the number of symptoms of anxiety and mood disorders endorsed by parents, teachers and those with ASD (e.g., Hurtig et al., 2009; Lopata et al., 2010; Mazefsky et al., 2010) . To this end, it is particularly reassuring that self-report measures of the traits that were assessed in the present study are associated with performance and neuroimaging measures in ASD samples. For example, Kätsyri and colleagues (2008) found that the level of selfreported alexithymia correlated with emotional facial expression decoding performance, whilst Silani and colleagues (2008) reported an association between the level of self-reported alexithymia and empathy -which were related to brain activity in the anterior insula -and Bird et al. (2011) observed that greater self-reported alexithymia was associated with reduced attentional resources allocation to relevant facial areas. These studies suggest that alexithymia, as measured by selfreports, could be a promising emotional endophenotypic marker in ASD. To build on these, studies utilizing observer-rated evaluations (e.g., Berthoz et al., 2007) should be conducted to investigate this further, as well as behavioural and neuroimaging studies using a composite battery (including measures of emotional intelligence and emotion regulation). 2.2 (1.8, 0-7) 2.5 (2.4, 0-9) 6.9 (2.0, 1-10) 61.9 (<.001); .43 4.7 (<.001) 0.3 ( Imag.
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